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ABSTRACT
A cubic equation of state for HFC-32/HFC-125 mixtures developed on the basis of our experimental data was used
for thermodynamic analysis of refrigeration cycles using this blend. The influence of composition changes on energy
efficiency and Total Equivalent Warming Impact (TEWI) was studied. Comparisons of this blend with HCFC-22 and
other alternative refrigerants were also carried out. Detailed comparisons have been made for refrigerants R410A and
R41 OB on the basis of the calculated coefficient of performance (COP).
INTRODUCTION
Among the small number of alternatives proposed as substitutes for the widely used working fluid, HCFC-22, the
mixture HFC-32/HFC-125 has good long-term prospects for domestic and medium-temperature commercial refrigerating
appliances, heat pumps, chillers and especialy general air conditioning applications [ 1-7]. On the basis of this mixture, the
mixture HFC-32/HFC-125
following working fluids were recently developed:
mixture HFC-32/HFC-125 45/55 wt.%, assigned R-410B
50150 wt.%, assigned R-410A by ASHRAE and
by ASHRAE . In comparison with HCFC-22 these blends have much higher saturation pressures versus temperature and
capacity that require complete systems redesign. Alternatively, refrigerant systems optimised for R-410A and R-410B
display a slightly better energy efficiency than existing systems using HCFC-22 due to more favorable vapor pressures level
for the compressor [6, 7]. In addition, the HFC-32/HFC-125 blend belongs to class of near-azeotropic mixtures and has a
temperature glide less than 0.1 within the entire concentration and temperature interval, which is useful in technological
applications of the mixture as a refrigerant (the issues of filling and refilling the working fluid, its solubility in oils,
constancy of its composition inside the compressor, condenser and evaporator). In addition, specific refrigerating effects,
coefficients of performance (COP) and heat transfer coefficients for R-410A and R410-B refrigerants are higher than the
corresponding properties for the other binary mixtures alternatives [7, 8]. However, there are some contradictions in
estimation of the coefficient of performance for HFC-32/HFC-125 by different authors [1, 3, 7-10]. Some thermodynamic
cycle analyses [3, 10] indicated a slightly better coefficient of performance for HCFC-22 in comparison with R-410A.
[1, 7] have drawn attention to the possibility of improving the COP for HFC-32/HFC-125 by
Alternatively, others
properly calculating of influence of transport properties and optimizing of heat exchangers in re-designed systems. It is
obvious that the calculation of the energy efficiency of this mixture should to be done on the basis of reliable
thermodynamic properties.
In present paper, our experimental PVT-data [11] and data by Sato et al. [12] have been used to develop an
equation of state for HFC-32/HFC-125 blend. This equation of state then applied to calculate COP and compare energy
efficiencies of this mixture with HCFC-22 and other alternatives. The possible long-term influence of using HFC-32/HFC125 is also considered.
EQUATION OF STATE
The data sourses for developing an equation of state for the HFC-32/HFC-125 blend in the vapor region included
our experimental data [11] on the vapor-liquid coexistance curve and in the vapor state for compositions of 13.15, 45.00
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and 56.42 wt.% HFC-32, and PVTx data reported by Sato et al. [12] for compositions of 50, 60 and 80 wt.% HFC-32. The
form of the equation of state is given in Eq.(l) and parameters for pure components are given in Table 1. This equation is
applicable to 450 K and 6 MPa.
P=Rj_I ____
a_ _ ]
'Lv-b v(v+c)+d

(I)

Temperature dependences of the coefficients ofEq.(l) are following

a=A1 +A2 't+A3't 2 +A4 't 4 ,
c=C1 +c2 (1-'t 0·5 }

b=const
d=Dj_+Dz(1-'t),

(2)

Table 1
Critical constants and parameters for pure components

At
A2
A3
A4
b
cl

Cz
Dt
Dz
Tc
Pc
Pc

HFC-32
-1.207875·10- 1
3.083478·10" 1
-2.969356·1 o·2
6.568209·1 o- 2
0.02837
8.470039·10"2
1.667247 ·10- 1
4.777213-104
-7.519313·104
351.26
5.785
427

HFC-125
2.247739·10" 1
-3.519336-10" 1
5.760833·10" 1
-2.700037-10- 2
0.12856
8.934070-I o- 2
9.245036·10" 2
-2.445729·1 2
2.317906· w-2
339.25
3.6214
566.5

o·

The mixing rules of the coefficients in Eq.(1) are given as follows

(3)

The binary interaction parameter ku for the present mixture was determined to be 0.014. The Eq.(l) reproduces our
measurements of HFC-32/HFC-125 vapor-phase densities within 1.5% and also the vapor density by Sato et al. [12] within
1.0%. The reliability of proposed equation may be confrrm by comparison with experimental data and correlations for
HFC-32/HFC-125 given by authors [13-18]. Calculated deviations for saturated liquid densities ofHFC-32/HFC-125 from
Eq.(l) did not exceed 6% for different concentrations of the mixture.
THEORETICAL EVALUATION OF THE THERMODYNAMIC EFFICIENCY
AND ENVIRONMENTAL IMPACT

Thermodynamic efficiency of the HFC-32/HFC-125 mixture has been estimated on the basis of the vaporcompression refrigeration cycles. The basic assumptions for the cycles used in the computer simulation were the following:
evaporation temperature to= -5°C, - l5°C and -35°C and condensation temperature tc= 20°C. The comparison of the
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calculated values of specific refrigeration effect Qv(kJ m"3) and COP of the HFC-32/HFC-125 mixtures with HFC-22,
R-502, ammonia and propane are shown in Fig.l and 2. The highest values of specific refrigerating effect were obtained for
mixtures HFC-32/HFC-125 where Qv increased with increasing in concentration of HFC-32 and with decreasing in
evaporation temperature. Calculated COP values for HFC-32/HFC-125 are inferior to HCFC-22 and the other fluids over
the entire concentration range, but at concentrations of 0.4-0.6, they are higher then R-502. Since the refrigerants R-410A
and R-410B are of special interest, the COP for HFC-32/HFC-125 mixtures was calculated over interval 0.4-0.6 wt.%
HFC-125 for different condensation and evaporation temperatures (Fig.3 and 4). It can be seen that the COP for
HFC-32/HFC-125 depends on parameters of cycle to a considerable extent In the case of tc= 45°C and tO> -l5°C,
R-410A shows slightly higher energy efficiency relative to R-410B. In contrast, R-410B has some advantages at tc= 20°C
and tQ> -15°C. Our results indicate that although the concentrations for R-410A and R-410B are close, their energy
efficiencies may be different for different types of cycles or parameters. This must be taken into account in the design of
new refrigeration systems.
The theoretical COP value is a convinient to estimate of the efficiency of working fluids but does not account the
influence of specific refrigeration equipment. Discussing long-term influences requires the evaluation of possible effects on
the greenhouse potential including the direct global warming effect of the substance (under certain conditions of refrigerant
loss and recovery) and an indirect contribution due to the energy consumption throughout the refrigeration system's service
life. The highest proportion of global warming of most refrigeration plants is usually attributed to indirect C02 emissions
which directly depend on the COP of the process. Differences between refrigeration systems, assumptions made to leakage
rate, system operating life, energy efficiency, etc. make the use of TEWI particulary problematic and demand a calculation
relative to a particular refrigeration system. As indicated in [1,6] the HFC-32/HFC-125 mixture is attractive for use in large
water chillers with screw or piston compressors. In order to compare TEWI for HFC-32/HFC-125 mixtures to HCFC-22
and other working fluids, the calculations have been carried out for this kind of refrigeration process (Fig.5). Parameters on
which the TEWI-simulations were based are given in Table 2.
Table2
Parameters used for TEWI-simulations
Colling Capacity
Annual operating hours
Total system refrigerant charge
Livespan
Leakage loss
Recycling factor
C0 2 emission

IOOkWh
8760
150kg
15 years
6% per year
75%
0.72 kg!k:Wh

The results of the TEWI calculations show that the influence of R-410A and R-410B on global warming is
significantly less than R-502 and slightly higher, but very close to HCFC-22 at the evaporation temperatures tQ> -10°C.
Although ammonia and propane are also taken as an examples for comparison to show their favorable environmental
impact, their unfavorable aspects are mainly safety will restrict their use in some refrigeration systems.
CONCLUSION
Taking into account the considerable difference in thermodinamic properties of HCFC-22 and mixtures of
HFC-32/HFC-125, the blend cannot be considered for application in currently operating equipment. However, based on the
present calculations of COP and TEWI for HFC-32/HFC--125, it is belived that a fully optimized system can use this
mixture as a working fluid, which could exhibit a higher energy efficiency compared to existing systems using HCFC-22.
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Fig. 3 Coefficient of performance of mixtures HFC-32/HFC-125 relative to
HCFC-22 at the condensation temperature of 450 C

Fig.4 Coefficient of performance of mixtures HFC-32/HFC-125 relative to
HCFC-22 at the condensation temperature of 20 °C
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